Objective: To assess the impact of postoperative continuous pleural lavage (PCPL) after thoracotomy for the treatment of stage 2 pleural empyema in relation to postoperative length of stay and morbidity. Methods: Stage 2 pleural empyema was diagnosed with computer tomography. Conservative treatment including antibiotics and pleural aspiration was introduced. 89 patients treated for stage 2 pleural empyema by thoracotomy, pleural discharge evacuation and irrigation after pleural decortication were identified after unsuccessful conservative treatment for 10 days. Whenever pleural discharge remained opaque after operation, PCPL was administered daily through the cranial chest tube and discharge evacuated through the caudal pleural suction (10-15 mmHg) tube. Risk factors related to pleural pus and patient outcome were sought for. Results: Seventy-seven out of 89 patients (86.5%) had clear empyema discharge immediately after pleural decortication and irrigation. Pleural discharge remained opaque despite surgery in 12 out of 89 patients (13.5%) and PCPL was introduced. Presence of a combination of risk factors for pleural empyema, such as dental caries, alcohol abuse or previous inflammatory reaction, was predictive for persistence of opaque pleural discharge after operation (P!0.05). Need for re-thoracotomies (in 11 cases, PZns) and postoperative deaths (P!0.05) were related with patients who did not have PCPL. The length of the hospital treatment was 20.1G3.1 (daysG SEM) among patients with PCPL and 19.2G1.8 without PCPL before possible re-thoracotomy, respectively (PZns). Conclusions: Early postoperative (1 day-11 months) mortality was statistically associated with patients having fibrinopurulent empyema but no PCPL. PCPL is a feasible method to clear pleural pus discharge without prolongation of hospitalization and may be recommended after thoracotomy for patients with fibrinopurulent stage 2 empyema. q
Introduction
Complicated pleural empyema is a medical challenge, as preoperative diagnosis is often inadequate in identifying accurately possible pleural pus [1] . Computed tomography (CT) may reveal pleural fluid and inflammatory adhesions, but occasionally infection per se remains unrevealed until surgical opening of pleural cavity is performed [2] [3] [4] [5] . However, presence of infective pleural pus, often characterized with bacteria and thick pleural discharge, determines patient morbidity and occasionally mortality [5, 6] .
Various treatment methods are introduced to compensate unawareness of best strategy to deal with complicated pleural empyema [4, 5, 7, 8] . In addition, it has been suspected that most of these patients may be too ill to bear thoracotomy and minimal surgical methods have gained popularity [9] . However, thorough debridement of pleural cavity from devastating infection supplemented with pleurectomy is mandatory for recovery [5, 6] . Thoracoscopic interventions for treatment of complicated pleural empyema have remained as an adjunct method before final open pleurectomy.
An irrigation method for the treatment of contaminated pleural space has been successfully used earlier in a high-risk patient after pneumonectomy [10] . We speculate whether continuous irrigation with physiological saline to clear pleural discharge after chest tube drainage and open pleurectomy may enhance patient recovery after complicated pleural empyema with persistent opaque pleural discharge. We therefore compared our results of novel lavage technique to our standard procedures without postoperative irrigation.
Patients and methods
During 1996-2003 we identified 89 patients treated surgically for stage 2 pleural empyema in Tampere University hospital. Pleural empyema was diagnosed clinically according to patient symptoms and related pathogen. Stage 2 pleural empyema was defined, as described earlier [11] . Briefly, stage 2 consisted of patients with fibrinopurulent stage empyema characterized by a thickening of the exudate and dense fibrin deposition forming occasionally distinct abscess and pertinent pus discharge. All patients were evaluated with CT and initially treated with antibiotics and chest tube drainage. Thoracotomy, pleural fluid evacuation and decortication were performed in the usual open fashion to patients with pleural empyema that were not clinically recovering within ten days of conservative treatment and simple thoracostomy pleural tubing alone. After thoracotomy, 2 large (28 Ch) chest tubes were inserted into pleural cavity and pleural suction (10-15 mmHg) introduced. In 12 patients, an active pleural lavage was performed postoperatively with continuous Ringer solution (2000 ml inserted in one hour, 3 times per day for 2-4 days) through the cranial chest tube and pleural discharge evacuated by the caudal chest tube under active 10-15 mmHg suction. This postoperative continuous pleural lavage (PCPL) was introduced if pleural discharge remained opaque after thorough pleural irrigation during operation and pleural decortication. Registry databases, medical notes and charts were studied for preoperative and postoperative data. The following preoperative characteristics were compared: age, gender, body mass index (weight in kg divided by the square of the length in meters), blood group, alcohol use, presence of cerebral insult, reflux esophagitis, dental caries, acute inflammation, tuberculosis, carcinoma, mesothelioma and serum CRP. Patients that had an empyema that was associated with trauma or previous thoracic surgery were excluded from the study. Hospital data included preoperative time before thoracotomy, total hospitalization time for treatment of empyema, need for PCPL, need for rethoracotomy, drainage time, presence of bacteria and antibiotics. Nine patients died during follow-up. Eight patients who survived to discharge were reexamined in our institution for recovery at least 1 month (1-19 months) after hospitalization.
Statistical methods
All data were collected prospectively on standard forms and entered into a computerized database (SPSS 11.5). Numerical variables are presented as the meanGSE of mean for groups and compared with each other using the MannWhitney test where appropriate. Preoperative data and postoperative outcome are compared using the c 2 test where appropriate. Values of P less than 0.05 were considered as significant.
Results
Demographic results of the patients are summarized in Table 1 . Of the 89 patients 73 were men and the remaining 16 women. Blood group, body mass index, previous illness, status of teeth, presence of malignancy, CRP value and antibiotics did not statistically differ among groups. Presence of a combination of risk factors, such as dental caries, alcoholism, reflux esophagitis, cerebral insult or acute inflammation, was predictive for persistence of opaque pleural discharge and subsequent PCPL. Instead, these risk factors alone were not statistically predictive for subsequent PCPL (Table 1) . Bacteria culture was positive in 44% of patients (Table 2) . Neither the positive culture of bacteria nor antibiotics differed statistically among patients.
Average hospital treatment lasted 19.3G1.6 days. Neither preoperative nor postoperative lengths of hospitalization differed among groups. Interestingly, PCPL after surgery did not statistically enhance length of hospitalization (Table 3 ). There were 11 reoperations for recurrent empyema, all performed in patients in whom PCLP was not used, though discharge was initially clear until relapse of empyema after hospitalization, as observed by deterioration of clinical status and pus. All 9 empyema-related deaths occurred early after operation in patients without PCPL (P!0.05).
Discussion
Presence of infected pleural pus after thoracotomy for complicated stage 2 empyema did not prolong patient recovery in our study. This was due to aggressive surgical protocol, which included not only traditional thoracotomy, n, number; *, P!0.005. pleural discharge evacuation and decortication, but also thorough PCPL after surgery until evacuation discharge changed to clear and running fluid. Only 12 patients (13.5%) required PCPL after the first postoperative days, though in all of our 89 patients with infected pleural cavity, the rinsing with Ringer solution was used during surgery. This indicates that though patients are at high risk for infections, the need for PCPL for clearness of pleural discharge after radical surgical debridement is only occasional. PCPL with normal saline may well be accomplished whenever needed, for simplicity. Though an unusual electrocardiographic acute ST segment increase was reported secondary to warm saline thoracic cavity irrigation earlier [12] , we did not observe any of the earlier reported side-effects in our patients [7, 13, 14] . Indeed, our patients were often severely ill with concomitant illnesses and occasional sepsis, but tolerated the treatment protocol. It would be most valuable to study in future the effect of PCPL after thoracotomy on restoration of pulmonary function.
The timing of surgery was dependent on failure of adequate conservative treatment with antibiotics and pleural tubing. Obviously, it may be speculated that earlier surgical intervention would have prevented vast thoracotomy and decreased postoperative hospitalization. However, as chest tube drainage is required for all cases, only a minority of patients with empyema is in need of other surgical procedures. As the majority of patients may well recover definitely without surgery, some clinics including our own have adopted a staged approach for the treatment of pleural empyema [8, 11, 15, 16] .
Interestingly, in our study neither other immunosuppressive states, such as malignancies or previous infections, nor reflux esophagitis alone were predictive for continuation of pus formation. However, presence of a combination of such risk factors was statistically more often present in patients with persistent opaque pleural discharge group. This may reflect the changing pattern of patients suffering of complicated empyema and pleural discharge. Nevertheless, all re-thoracotomies were needed to patients without PCPL. Mortality was smaller in patients who had PCPL as compared with patients devoid of PCPL. As unfortunately other treatment modalities were not taken into consideration, we cannot specify whether one-year mortality after thoracotomy without PCPL in our patients would have been smaller after, e.g. thoracoscopy. Discovery of various risk factor combinations related to pleural pus formation may encourage a more liberal use of PCPL after thoracotomy in stage 2 pleural empyema.
Taken together, thoracotomy, pleural debridement and subsequent PCPL for complicated stage 2 pleural empyema may determine patient recovery. A randomized study is highly necessary to clarify whether PCPL is recommended in stage 2 pleural empyema despite continuation of pleural pus. 
